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© Finger Imaging apparatus. 



© A eurved cylindrical segment platen (18) has a 
concave touching surface (IAD). An interrogating slit 
light beam is scanned around the platen to scan a 
finger held against the touening surface. An optical 
imagine system images (20) the 2one Illuminated 
onto an array of photo-transducers (22) io provide a 
signal representing the fingerprint The optical Sys- 
tem is rotated (40) around the platan. The axis (17) 
of the interrogating light beam (IB) is substantially 
normal to the touching surface (18b). The axis (2Ba) 
of me imaging system is off normal by about 56 
degrees, an amount which ie greater than a critical 
angle equal to tne maximum angle of refraction 
JJ(MAR) in the platen, TWa critical angle is approx- 
imately 41 degrees. The axis (28) OT the imaging 
GQ system ie also off normal to the non-touching sur- 
Oface (Ida) by an angle that is less man Wis critical 
"apglB of 41 degrees and thus less than me angle of 
tfltotaJ Internal reflection (TiR). As a consequence, the 
5 image at the photo-transducers provides a com- 
pletely dark valley *one and * sharply contrasting 
O light image ridge zone. 
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FINOER IMAGING APPARATUS 



Background of tha invention 

This invention relates in general to an optically 
aeneratBO nnger Imaga apparatus and ware par- 
ticularly, to an aODoratua which generates an image 
from an optical scan of a ttnger obiect supported 

on a platan- . . 

in the art of optical finger image processing, it 
is desirable to keep the system relatively inoxpen^ 
siva and the size of tha system as small as possi- 
ble while ensuring that the reliability oT the eyatem 
is maintained. In order to gat a useful fingerprint 
image, the contrast between ridge and valley sig- 
nals must be as great as possible and the back- 
ground signal must be kopt as low and as steady, 
as possible. Further, the apparatus must provide a 
hlqh resolution image of the fingerpnnt object. 

UJ f patent No. 4.322.163 discloses one exanv 
pie of a fingerprint apparatus for generating a fin- 
gerprint image to be encoded into machine read* 
ble signals. An interrogating Slil light bnam of sub- 
stantially collimated light impinges on a finger 
pressed against a flat platen. The Interrogating light 
beam is at an off normal angle and Is displaced 
across tha platon. The finger held on the platen 
modulates the Interrogating "gnt beam to provide a 
reflected light beam with fingerprint information. 
The axis of the reflected light beam and the axis of 
the interrogating Wrt boam are at mirror angles to 
the normal. 

The modulated fight beam is imaged onto an 
array of photo-electric transducers to produce a 
series of output Signals corresponding to the modu- 
lated information. The output of the array Is serially 
interrogated at successive scan positions to pro- 
vide a set of signals containing fingerprint informa- 
tion. 

Fingorprint apparatus capable of generating a 
roll fingerprint Image are known in the art. An 
example having a curved finger retaining platan, is 
described in US. Patent No. 4,533,837, issued 
November 19. 1985. That apparatus also employs 
a coiumatad interrogating slit light beam at an off 
normal axis and a modulated reflected light beam 
at a mirror off normal axis to provide an information 
signal which is converted to an electrical signal at a 
photo-electric array. 

In addition to the known flat platen end curved 
platen arrangements there are apparatus which em- 
ploy a triangular prism as the platen for supporting 
the finger being interrogated. Patent No. 4.210.B99 
la an example of such an apparatus. Where a 
prism platen is employed, the interrogating light 
beam is off normal at an angle of 45 aegreos end 



ths axis of the reflected or reading light beam is a 
mirror image thereof about normal and this is also 
off normal at 45 degrees. 

In all three types of arrangements, fivo percent 
5 (5%) of the incident light is reflected from under 
the valley/glass interface, obeying the law of reflec- 
tion, along a mirror axis. About ninety-five percent 
(95%) of the light passes through tha touching 
surface to be reflectively scattered from the va> 
to lays. The ridges of the finger held against tna 
plRtan effectively squelch geometric reflection be- 
cause the finger oil on the ridges tends to match 
the glass index of refraction. Thus, virtually all the 
light rays headed toward the finger ridges actually 
is contact the ridges and are reflectively scattered 
-back into the glass. The fact that the ridges are 
1 substantially in contact with the toucning surface 
and ihe valleys are not causes a significant dif- 
ference In the angular scatter from ridge and vah 
ao leys. One major differenco is that Ihe valley scatter 
is angularly bounded in apace where the ridges are 
not- This will oe later expanded upon. 

A second difference is that tho five percent 
{$%) valley/glass Interface reflection tlos along the 
25 mirror axis and the ridge reflection Is scattered so 
that none of the ridge reflection coincides with the 
same mirror axis. Thus, along the mirror axis, tho 
light is pure valley light and an optical system with 
an effectivo aperture approaching zero diameter 
no would only receive valley signals. Sucn a design 
would force a system T number approaching in- 
finity and thus would have substantially no resolu- 
tion. 

Tnaretore, lens apertures with reasonable di- 
ss menslons will receive the geometrically reflected 
five percent (5%) light as well as sufficiently equal 
ridge and valley scatter to cause o varying signal 
base line substantially greater than the five percent 
valley zone light along the mirror axis. 
40 Accordingly, it can be seen that in these fingcr- 
* print optical reading systems, the axis of the imag- 
ing segment is the mirror image of the axis of the 
interrogating segmont. That la ( if the axis af the 
interrogating light boom is twenty degrees off nor- 
45 mal. the axis of the imaging or reeding systam will 
also be twenty degreos to the normal in order for 
the optical aperture of the Imaging segment to be 
centered on tne reflected light beam and pick up 
as much of the S% of the light that is reflected 
so along the mirror line as possible, Nonetheless, tho 
fact that some 95% of the incident light Is reflected 
in a scattered fashion (as contrasted with along a 
mirror line) by the valley and rtdge zones, means a 
substantial undesirable background is provided 
sgelnsi which it is difficult to pick OUT the valley 



2 



3 



EP 0 346 368 A1 



4 



signal. 

In addition, latent images further obscure the 
desired Imago. Finger oil left by previous applica- 
tions of fingers to the platen provide an image 
wnien tends lo scatter some of the S% of light 
reflected from Uie valley interface and increase tho 
difficulty or oistlnguisning the valley signal. 

This latent image problem and other related 
problems were resolveo Dy a technique disclosed 
in pending U.S. Patent Application serial no. 
630,01 a filed July 12, 1884, and entitled Direct 
finger Reading. The optical fingerprint image gen- 
erating apparatus disclosed therein does not em- 
ploy a elaten. The finger object is held in position 
and its surface interrogated by a coherent, coK 
timated light beam. The light beam is preferably 
shaped in the form of a slit extending along foe 
length of the finger surface being interrogated. The 
slit baam Is scanned around the finger in a rota- 
tional motion. The rafleeted modulated light beam 
Is focused onto a linear array of photo-responsive 
transducers to provide an electrical signal Image of 
the optical imago focueod on the array. A limitation 
on the image so provided is e tendency to lose 
focus and thus lose imago dofinition and Informar 
lion during a portion of the scan. This out-of-focus 
problem arises for two reasons- First, the finger 
being scanned is not a perfect cylinder and. thus, 
the object position varies along tne optical axis. 
Second, the thickness of the different individual 
fingers varies greatly so that the extent *of the out- 
oMoeus conditions will vary from individual to in- 
dividual. 

Accordingly, an object of this invention is to 
provide a fingerprint Image having high contrast 
between ridge and valley zones. 

Another object of this invention is to provide 
such an apparatus which avoids swamping out the 
ringerprint signal with a base lino or backQround 
signal. 

Another object to this invention Is to provide 
this high contrast signal with minimum base line 
such that the imago formed is in focus across the 
length and width of the finger being interrogated. 

A further object of the invention Is to provide 
apparatus which is relatively inexpensive, which is 
reliable, which provides a reportable Image and 
which is relatively smell in s«o. 

It is an obiect of this invention to moot the 
various objects stated above in a device that will be 
effective with the wide range of linger shapes that 
exist in the papulation. 



Brief pascffption 
In one embodiment of the invention, a mod- 



erately thick (for example. 5 mm) curved plaiuii is 
provided. The platen has a finger receiving cylin- 
drical concave "touching" surface and a cylindrical 
convex surface. These two surfaces are spaced 
s from oaoh ther by the thickness of the platen. 

An interrogating light beam in the form of a slit 
illuminates a tit zone of a fingar eppli d to fh<? 
touching surface. The fingor on the touching sur- 
face providss reflected light modulated with the 
10 image of the finger surface that is illuminated. 

An imaging lens optically downstream focuses 
the illuminated finger zone onto a linear array of 
photo-electric transducers. Trie optical axis of tne 
imaging lens Intersects the platen at a point sub- 
is stantially off the mirror axis. This imaging optical 
axis intersects the platen in a relatively narrow 
• zone. On one side of this narrow zone is tho 
standard reading area where the emergent UqM i- 
composed of tne five percent (5%) mirror oris 
zo valley fight mixed with reflected scatter from the 
valleys and aooitionai reflected scatter from the 
ridges. On the other side of this narrow zone there 
is no emergent light because the light reflectively 
scattered from the ridges is totally internally re* 
£G fleeted. The Imaging optical axis images the ridges 
on the photo-electric array as light images and 
images the valleys as the complete absence of 
light 

Utere Is a cone about the normal to the touch- 
30 ing surface or tne platen in which the ornery::: 
Hgnt includes mat five percent (5%) which is geo- 
metrically rationed tram the air*fn«valley/giass in- 
terface and which also includes llgnt reflectively 
scattered from the ridges and all of the reflectively 
as scattered light From the valleys. The axis of the 
Interrogating light beam ties in this cone so that the 
light reflected along the mirror axis will be within 
the cono. 

The emergent light from this cone is specif!* 

40 cally exctudBd From the optical aperture of the 
I imaging system of mis invention by positioning the 
axis of the imaging system outside or thai co;>r 
The area that includes reflected scattered (Un- 
tight which is totally internally reflected provides no 

45 emergent light and thus cannot contribute lo Lhp 
image at thB array of photo-electric transducers. 
Between those two areas is a limited area In which 
the emergent light is solely light reflected from the 
ridgos. Between those areas is where the axle of 

so the roading system extends. 

This is in sharp contrast with tho prior art flat 
platen and curved platen devices where the axis of 
me imaging system is positioned within the con? 
ana in particular positioned to be at the mcr-.: 

ss image to tne normal of the axis or the Interrogating 
light beam. 

The interrogating light Beam as well as the 
imaging lens and tne array are all mounted on a 
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nracKot for rotation about me axis of the pi— n to 
p cvide a scan of the fingerprint image across th* 
a ^ The optical axis of tne interrogating light 
beaS is maintained perpendicular to th zone be- 
ing interrogated throughout this rotational scan. 

Brief Description of the Drawings 
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HO. i is a oorsoactive view of a curved 
platen embodiment of the apparatus of this inven- 
tion with a finger in plaw to be read. 

RG. 2 is an optical and mochamcal sche- 
matic representation of the FIG. 1 apparatus, 

FIG 3 is an enlarged cross-sectional view of 
tne cylindrical platen of the fig. i apparatus over- 
laid with Illustration of the geometric relations In- 
volved m the FIG. 1 embodimanL 

FIG. 4 is a block diagram illustrating the ^ 
arrangement for electronically scanning the ootical 
image to provide a two-dimensional set of pucel 
valves representing the fingerprint image. 

FIG. 5 is en optical schematic Illustration 
showing the cone in me platen which contains all 
the light reflectively scattered from tho valloy sur- 

faCeS ' pjG. s is an optical scnematic similar to RG. 
5 showing why in a flat glass platen there is no 
zone between the rone of mixed ridge end valley 
reflection and the zone of total internal reflection- 
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Definitions 

Optical Axis. The refraction of fight as It passes 
fromTnTmedium (air ar glass) to the other (glass 
or air) causes the light to bend away from me 
normal as the Ughl goes from glass to air and 
toward the normal as light goes from air to glass. U 
should be understood herein that reforonee to the 
optical aw* of a light beam is to that line which 
Includes the bend. Thus, tne ootical axis is not a 
straight lino because of the change in the index of 
refraction of the media through which the tiglp 
beam passes. Most importantly herein, the modu- 
lated or reading light beam that is denned by the 
optical aperture of tho focusing lens and the photo- 
diode array extends along an axis that bands at the 
non-touching surface of the platen. Thus, reference 
herein to the optical axis of the reading light beam 
shall bo understood to refer to the dogleg line that 
bends at the non-toucning surface of the platen. 

Beading light Beam, The reading fight beam is 
the Beam i of Tight whicn is focused on the array- It 
is not all of the light reflected from tho finger being 
interrogated. It is not all of tne light which emerges 
from the platen. It Is only that portion of the light 
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which is collected by the aperture of the focusing 
tans and projected onto the photo-diode array In 
particular, tho reading light beam does not indudo 
that light which is totally internally reflected- It does 
not include that light which is reflected along the 
mirror axis: that is along an axis wnicn has tho 
seme angle to tho normal as does the interrogating 
light beam. And. it does not include certain other 
reflected light wnich is not received within tne 
aperture of tho recusing lens. 

TIF. Trie acronym TIR will bo used in place of 
tho phrase "total internal reflection 0 in various cir- 
cumstances in the specification and claims- The 
term "TiR angle- refers to an angle at which the 
internal fight rays do not emerge from tho platen. 
At tne TiR angle or greater, light rays within the 
platen which are Incident at the surface of the 
platen are internally reflected. The angie Is mea- 
sured between the normal to the surface and the 
path of the internal raya which impinge on the 
Surface. By contrast, light royc within the platan 
which ara at an angle to the normal lees than the 
TIR angle are partially reflected and partially trans- 
mitted. Tho TIR angle for glass in an air ambient 
environment is approximately 41 degrees. 

MAR. The acronym MAR stands for Maximum 
Anaie~ot Refraction. Ught incident on the glace 
platan will be deflected as it is transmitted through 
the glass platan because of the difference In the 
index ol refraction of eir and the glass of tho 
platan. The refraction causes the incident ngm ray 
to be oent toward the normal. The amount by 
which tne lignt ray is bent is determined by Snail's 
Law. An incident light ray which is normal to the 
surface of the platan is not bent. The more me 
incident light ray deviates from the normal ttie 
more it is bant At a limit case, an incident light ray 
which la parallel to the surface of the platon will be 
bent more than any other incident ray. The angle 
such a limit ray makes with the normal within tho 
glass 13 termed herein the ^maximum anglo of 
refraction" or MAR- The MAR angle for glass In an 
air environment Is approximately 41 degrees. No 
ray incident on the platon will have an angle to the 
normal in me platen greater than the 41 degree 

MAR. „ 
Critical Angle. The MAR angle and the TiR 
angle are the same angle. They are derived from 
tho same basic relationships dictated by Snail's 
Law. That angle will be called herein the Critical 
Angle. As seen in FIG. 5 ( because of this Critical 
Angle, fight incident on the touching surface that ic 
reflectively scattered from the valleys will all be 
contained within a cone around the normal. This 
cone has a half angle equal to the Crttlcai Angle. 
The source of the light which causes tne spatially 
bounded valley scatter is the light whicn Is not the 
five percent (5%) that is reflected at the glass to 
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ar-under«valley interface. Instead, it is tne light mat 
is transmitted through the interface onto th vaiiey 
surface and reflected from the valley surface. Be- 
cause Of this Critical Angle, oil rays which scatter 
from lha valley surface and re-enter the touching 
surface 180 (see F1Q. 3) cannot form an angle 
greater than the MAR/T1R with the normal, which 
normal is the radius to me surface 18b. Thus, all 
valley scatter te bounded within the cone whose 
half angle mawmum ray intersects the non-touch- 
ing surface 18a at point C. 

Ttiue, tho Critical Angle at iab determines the 
area on the conve* surface ifia wilhin which the 
emergent right will contain (a) the five percent (5%) 
tight wnieh is geometrically reflected from the inter 
face unoer tne valleys, (b) scattered light reflected 
by the valleys, ana (c) some of the scattered light 
reflected by the ridges. The Critical Angle at sur- 
face 18a alee determines the area beyond whfch 
no ridge scattered light emerges from the platen. 
For a flint glass platen operating in air. mis Critical 
Angle is 41.2 degrees. 

Description of the Preferred Embodiments 



As shown in the FIGS., one embodiment of this 
invention employs an incandescent white light 
source 10. A spherical lens assembly 12 and 
piano-convex cylindrical condensing lens 14 rorm 
the light into an interrogating light beam 16 which 
Impinges on the finger Fas a s»t beam of light, 
F16» 2 shows a view looking at an end of tne 
curved transparent glass platen 18. in that view, the 
length of the silt light beam 16 extends in a direc- 
tion perpendicular to the plane of the paper* 

The concave surface 18b Is the touching sur- 
face. That IS, surface Ifib is the surface against 
which tne finger F is piaoed. The illuminated por- 
tion of tne Anger F is focused by the imaging lens 
20 onto a linear pnoio-dtoae array 22, 

In one embodiment that nas been tested- jhe 
lamp 10 is a 7 5 watt miniature incandescent bulb 
and the array 22 is a charge coupled diode (CCO) 
array comprising 3,048 photo-diode cells that ex- 
tend along a line that ie perpendicular to the plane 
of FIG. a. 

In that embodiment tho condensing lens 12 is 
an aspheric condensing lens having a forty mm 
focal length positioned about 40 mm in front of the 
lignt source, the lens 14 is a cylindrical condensing 
lens positioned about 6 mm downstream from lens 
12 and about 35 mm upstream from tne point A. 
The cllt light beam at the touching surface 18b is 
approximately two mm wiae. in mac embodiment, 
the imeging lens 20 has a 50 mm focal length and 
Is approximately 135 mm downstream from tne 



surface 18b and approximately 80 mm upstream 

from thB array 22- 

n might be noted that an alternate embodiment 
which has bean tested provides operaWo results 
s with a light source 10 composed of a linear array of 
four Infrared emitting diodes (IHEQ) aligned along a 
Una substantially parallel to the axis X-X. In that 
embodiment, four 8 mm focal length tenses are 

employed for the condensing lens assembly 1: 
70 one of those lenses bsing downstream from eacl; 
of the four light sources. The resulting light pattern 
of Tour overlapping circles Is condonsed by the 
lens 14 to the slit interrogating light beam at sur- 
face 180. Tne main advantage of tho jingle in- 
rs oandescent bulb fight source 10 is that it has a 
greater fight Intensity than do the IREDs. 

A diffusar element 24 such as the one dis- 
closed in United States Patent No- 4,569.080 Is- 
i sued February 4, 1885 is placed downstream hen. 
20 tho light source 1 0 to ocouro that tho interrogating 
light beam 18 does not carry any images such as, 
for example, the Imege of the filament. For pre- 
sentation CUrposes, the dlffuser 24 is not shown in 
FIG. 1. 

*s Trie entire optical assembly, except for the? 
platen 18, constitutes an optical imarroyatlng 
detecting unit Tnat unit Is mounted on a rotatabla 
support 26 so that the interrogating light beam 16 
can be rotated around the finger about the axis X- 

oo X. As the interrogating silt light beam 16 rotew 
about tho fingor F the Image on surface 18a ir; 
scanned. Thus, a complete roll fingerprint image is 
scanned across tho array 22. 

As motor 40 rotates tho support 28, then as 

35 indicated in FIG. 4, a positional encoder 25 pro- 
duces the sional for each predetermined incre- 
mental angular advance or tne optical interrogating 
and detecting unit The signal is applied to scan- 
ning circuit 37 which interrogates array 22 in re- 

*o sponse to each signal. Scanning circuit 3V prov:.:;c; 
an output signal eaeh lime array 32 is interrogated. 
The output signal ie representative of the finger- 
print information ot cooh position where the array 
r 22 is interrogated. Elements of the seannmp ap- 

«s paratus are conventional and are similar to those 
described in issued U.S. Patent No. 4,222.183. 

The platen 18 has its concave touching surfstr 
1 Bb as a segment of a circular cylinder, the center 
of whicn is at tne ams X-X Similarly, the out r 

so convex surface 16a is a segmanr of a circular 
cylinder. In one embodiment, the radius of the 
touching surface 18b is approximately 11.8 mm 
(464 mils) and the radius of the non-touching or 
convex surface 18a is about 16.1 '.r.?* '""P rn ' t1 - - 

ss a platan thickness of 4.3 mm. \r -jv- -^iv^o^. 
the longth of the platen 18 Is app.«xjmateiy 6/ mm 
(2,25 inches). 

HQ. 3 Is an enlarged view of the cross section 
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of ms platan IS that Is shown in FIG- 2 and 
indicates the nature of im relationship *« 
interrogating HgM beam 16 and the reading hght 

light beam 30 is not the mirror of ma axis 27 of the 
interrogating tight beam 16. 

The geometry of the arrangement of tho 
curved platan to Illustrated In flfc 3. As shown 
therein, tne Interrogating light beam is along an 
axis 27 whicn is a radius of the circular surfaces 
tea and 18b and thus tho axla £7 Is normal to the 
-urfaee al the illuminating zone A- The reading light 
beam has an off-normal axis 28. Tho a** 28 steers 
away from the normal as it emerges from the 
platen 18 since It is passing from tho optically 
denser glass medium of the platen 1 8 to the less 
dense medium of the air. T*a portion of the axis 28 
in the platon labelled £Ba« 

r is critical that the reading axis 2B intersect 
the non-touching surface 18a between me paints C 
and B as indicated on FIG. 3. Between tnese points 
C and B. emergent rays carry only ridge informa- 
tion and absolutely no valley information. TTttf 
emergent rays Between these two points C and B 
oro rays which are scattered from the ridge surface 
only- Accordingly, the image that is focused onto 
the array 22 by the tens 20 is one In which the 
valley zones exhibit complete aDsence of light, 
thereby providing maximum contrast between the 
valley sones and the ridge zones. In Drier, the point 
B is determined by the point at which the reflected 
scattered rays from the ridges are totally internally 
reflected within the platen 1B. The point c is deter- 
minea oy the limit of tho zone en the surface 18a 
which includes all light refloated from the valleys. 
Thus, from trie FIG- 3 viewpoint (I) no reflected 
tight emerges from the surface 10a to the right of 
the point B and (II) light reflected from both valleys 
and ridges emerges from the surface 18a to the left 
of the point C. 

Aoaume the platen 1B is crown glass having an 
Index of refraction of 1.517. Ttie inaex of refraction 
for air is presumed to be 1.0. Thus, the fight 
reflected back off the valleys of me finger will be 
incident on the surface 1Bb and will be refracted 
within the platen 18 by being bent toward the 
normal. tub amount by which the incident r^y 
reflected from the valley is bent toward the normal 
is determined by Snail's Uw. If ono assumes that 
an incident ray in a limit case, is parallel to the 
surface 18b, then for a crown plass platan, thai ray 
wjit bo bent toward the normal such that Its angle 
with the normal within the platen 18 will be approxi- 
mately 41.2 degrees. Any incident ray having an 
anglo less than 00 degrees to me normal will 
refract such mat its angle to the normal within the 
platen 18 will be less than t.2 degrees. Accord- 
ingly. 41.2 degrees is the maximum angle of re- 



rraeuon and is shown n FIG- 3 as the angle MAR. 

FIG. 5 illustrates this significant aspect of tho 
basic optics involved. RG. S diagrammatical* 
shows me valleys V ond ridgee R of a finger P 
s pressed against a flat aurtac 68b of a glass platen 
58. The axis 57 of tho interrogating beam is normal 
to the surface 580. Ttie portion of the interrogating 
light that Is not reflected along th mirror axis is 
transmittsd through to impinge on the valley area 
70 of a finger. F. As tpa light strikes the irregular 
surface of the valley V. it is scattered bacK toward 
the platen surface 5Bb at all angles. Three rays are 
shown- The first ray * is substantially parallel to the 
surface 58b. Thus, where it enters the surface 5Bb, 
15 it is retracted such that the ray x within the glass 
platen SB is at an angle of 41.2 degrees to the 
normal 97, The second and third rays y and z are 
at lesser angles to the normal in the air In the 
valley area v and thus era at lesser angles to the 
so normal in the glass platen 58 than is the limit ray x. 
Tho limit ray x corresponds to the line 42 in RG. 3. 
Thus, It can be seen that all light reflected from 
i under the valleys will be contained within a cono 
around the normal 57 which cone has a half angle 
25 of 41 .2 degrees. 

Accordingly, all volley sone information will be 
contained in reflected raya which are in this MAR 

zone- 
By contrast with the valloy sonos V ( the r.. : 
30 R are in intimate optical contact with mo touching 
surface 18b. Finger oil has an index of refraction 
approximately that of glass, it serves to fill in the 
intensities between the ridge surface and tho platen 
surface 18b so that there is no mismatch under the 
as ridge and thus no Interface mirror image renection. 
What does occur at the ridge aones R Is mat tho 
irregular finger surface scatters the reflected light 
at all angles to provide tho ridge imagB which is 
focused onto the array 22 along the axis 28. 
40 Because ma axis 28 of the reading light beam 
30 in the FIG- 2 emDQdiment is at on angle to th* 
normal at the interrogating line A that ia greater 
than the maximum angle of refraction, none of the 
information that Is contained within the reading Tight 
45 beam 30 is valley information. As a consequence, 
the image at the array 22 provides an extremely 
, dark, zero light level valley zone image. The result 
* is a substantial contrast between valley 2onB imag- 
ery anfl ridge zone imagery to provide a mucn 
so more usable and useful image downstream from 
the array 22. 

The fine 44 in PIG- 3 illustrates a further limita- 
tion of the reading axis 2B. Light from the line of 
interrogation * wnlch represents ridge Information 
fiS will ba scattered Dy the ridge over a substantial 
angle of scatter, A ray of light along the line 44 will 
emerge at a tangent to tne surface 18a as shown at 
44a. The line 44 is defined Oy the TIR angle. Am* 
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light in the platen 18 which Is reflected with an 
angle to Iho normal «rt surface iBa tnat is greater 
than the T1R angle will not emerge from the surface 
10a. It will be totally internally reflected. The ray 46 
illustrates a TlR ray. Accordingly, the reading axis 
portion 28a must intersect the surface 10a with an 
angle to the normal that Is less than the TlR angle, 
wnere The platen 18 is flint glass having an indax 
of refraction of 1.517 and where the environment in 
which it operates is air. this Tin critical angle la 
41.2 degrees. Thus, we reading axis portion 28a 
that is in the platen must intersect the touching 
surface 18b with an angle to the normal that is 
groator than 41.2 degrees and must Intersect tne 
non-touching surface 18a with an angle to the 
normal that is leas than 41.2 dogree9. The signal 
processed by the Focusing lens 20 and array p. 
will carry ridae and only ridge information. That is 
an the light In the reading beam 30 will be fight 
from tne ridge 2ones and, most importantly, none 
of the fight in the reading Beam 30 will oe from the 
valley zones. 

It should be Kept in mind that the axis 27 of the 
interrogating light beam is conveniently and prefer- 
ably oriented so that it Is normal to the surface 
18b. However, it can be off norma! without signlfl* 
canlry changing tho relationships involved. The 
maximum angle of refraction MAR will still be 412 
deorees to the normal. Further, the angle of the 
interrogating light beam will not affect the line 44 
which defines the smallest angle at which total 
internal reflection occurs. Essentially, the axis 27 of 
the Interrogating light beam must be kept out of tne 
zone between the lines 42 and 44, recognising tnat 
both of theso tines in FIG. 3 represent a conical 
surface. 

Tho representation in FIG. 3 ic to light rays 
along a cross soction perpendicular to the axis X-X, 
This provides a legitimate onolysis because it is a 
limit caso in that raye which aro reflected or scat- 
tered from a point along the sono A will follow the 
same rules with respect to a plane parallel to ftG. 
3. Further, the One 42, defines a conical zone of 
rotation about the axis 27 for the point along the 
line A represented in fig. 3. Tne set of lines 42 
from each point on the una A defines a plane 
extending between the line A and a line at c, wnicn 
line at C extends along the surface 18a perpen- 
dicular to the piano of FIG. 3. 

Tho important point to remember is that there 
is a zone of emergent light at the non-touching 
surface 18a between B and C which contains only 
light reflected from the ridges. As seen in FlG. 3, 
emergent light to tho loft of C will contain light 
reflected from the valley zones as well as light 
reflected from trie ridge Torres and tho area to the 
right of B will contain no emergent light. Of course, 
as tne interrogating light beam fn axis 27 rotates 



about the cylindrical axis XX, the points A- ^ 
B rotate correspondingly so that the u 
relations lust described remain constant throughout 
the rotational scan. 

5 In use, a number of different sl»d» platens 18 

are provided to accommodate different size fingers. 

FIG. 6 illustrates wny this invention cannot be 
appli d to a flat platan situation. FIG- 6 rs an optical 
schematic similar to that of FIG. 5 except that the 

70 non-touching surface Sfla of the platen is Included. 
Since the surface 5Ba is parallel to the surface 68b, 
the limit ray x within the olaten will havo the same 
angle to the normal at surface S8a as it has to the 
normal at surface SBb. Since this angle is the 

re critical angle 41-2 degrees, it means that the ray X 
will be internally reflected. As a limit case, tha ray 
x could be considered to emerge from the surface 
58a at an angle parallel to the surface SBa. In anv 
case, it is clear that all rays having an anf.i.- 

zo greater than 41.2 degrees will be totally internally 
reflected. As a consequence, tho only imagery that 
can emerge from tha surface SSa of the flat platen 
is imagery contained with the cone around the 
normal 57 which is limited by me angle. The light 

25 within mat cone will include Nahl reflected from th 
valley zones and fignt reflected from the ridge 
acnes and thus la a mixture of ridge and valley 
information. It is this that provides me background 
base line that makes It difficult to extract the Mvc 

so percent light that Is reflected from the surface 5Sb 
which is under the valley zones V. 



Claims 

35 

i . In an optical fingerprint imaging system em- 
ploying a curved platen having a concave linear 
touching surface, an interrogating light beam for 
illuminating a finger placed against that surfrrr? tn 

40 provide a modulated reflected light beam. tinf. . 
tern having an imaging segment for imaging the 
* reflected beam onto a photo-electric transducer, 
the platen having a convene non-touching surface 
through which the reflected beam emerges, the 

«s improvement comprising: 

the imaging segment having an axis within a aane 
in the platen bounded by a first line having on 
angle to tha normal ax ihB touching surface ?r>. - 
to (tie critical angle and a second line havu -.j . 

so angle to the normal at the non-toutfiing surface 
equal to the critical angle, and 
the Interrogating light beam having an axis v*!- : :-n 
the platen such that Its mirror axis Is outside of 
said zone, 

55 the axis of said interrogating light beam intersect- 
ing said non-touching surface. 
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2 Tho apparatus of claim l wherein said 
curved platen is a cylindrical platen naving said 
louching surface as a concave cylindrical surface 
and said nan touching surface as a convex cylin- 
drical surface- , 

a Tne apparatus of claim a further comprising: 
optical means for shaping said interrogating tight 
beam to provWa an interrogating zona at said 
touching surface in the form of a slit, the long axis 
of said slit being parallel to the axis of said cylin- 
drical touching surface, and 
m one for rotating tne interrogating light beam and 
the imaging segment ana transducers about said 
a*i3 of said touching surface to provide an optical 
scan of a finger placed at said touching surface. 

4. Tho apparatus of claim 3 wnerain: 
the optical axis of said interrogating light beam is 
sunsiantiaily nonnoJ to said touching surface. 

s. In a fingerprint processing apparatus having 
an interrogating light team for Interrogating a finger 
having rtdga and valley zones to provide a re- 
flected reading light beam and having imaging 
means including photo-electric transducers couple* 
to said reading fight beam, to provide an electrical 
cignai at the transducers representative of a finger- 
print, the improvement comprising: 
a curved platen positioned In the Interrogating light 
boam, said platen having a first curved ourfeco as 
a touching surface, a second curved surface as a 
non-touching surface spaced from said touching 
surface, a finger placed on said touching surface 
Doing Illuminated by aeid interrogating light beam. 
The optical axis of said Interrogating light beam 
naving an internal angle to the normal at said 
touching surface that is less than the maximum 
angle of refraction tor said platen, 
the optical axis of said Imaging means having a 
first internal angle to the normal at said touching 
surface ana a second Internal angle to the normal 
at said non-touening surface, said first angle being 
greater than the maximum angle of refraction for 
said platen and said second angle being less than 
tho angle of total internal reflection for said platen, 
the axis of said Interrogating light beam intersect* 
Ing said non-touching surface. 

S. The apparatus of claim 5 wherein; 
said platen is a cylindrical platen, said touching 
surface being a concave cylindrical surface artd 
said non-touching surface being a convex cylin- 
drical surface. 

7. Trie apparatus of claim 6 furthor comprising: 
optical means for shaping said Interrogating light 
beam to provide an interrogating zone at said 
touching surface in the form of a slit, the long axis 
of said slit being parallel to me axis of said cylin- 
drical touching surface, and 
means for rotating the interrogating lignt beam and 
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the imaging segment and transducers about said 
axis of said touching surface to provide an optical 
scan of a finger placed at said touching surface. 

8. The apparatus of claim 7 wherein: 
ihe optical aids of said interrogating light beam is 
substantially normal to said touching surface. 

B. The method of optically imaging a fingor 
held against the surface of a piaien onto a pho- 
toelectric transducer comprising the steps of; 
scanning an Interrogating light beam across a fin- 
ger neifl against a concavo curved touching surface 
of a curved platan, said light beam having an angle 
to the normal within said platen at said curved 
touching surface which is less than the critical 
angle, to provide a modulated refloeted light beam 
which emerges from a convex curved non-touching 
surface of the platen. 

imaging tho modulated reflected light beam onto 
the photo-electric transducer along an axis that has 
an angle to tho normal within said platan at said 
touching surface which is greater than the critical 
angle and an angle to tho normal within said platen 
at tne non-touching surfaco which is greater than 
ths critical angle. 
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